A synthesis of a new diamagnetic synthon, 1-methoxy-2,2,5,5-tetramethylpyrrolidine-3,4-dione, was developed. Condensation of this compound with aliphatic or aromatic 1,2-diamines followed by deprotection yielded pyrroline nitroxide-fused pyrazines, pteridines, or quinoxalines, demonstrated on 7 examples in 15-39% overall yield over 2 or 3 steps. Reaction of the diamagnetic 1,2-diketone with an aldehyde and ammonium acetate produced a pyrrolo [3,4-d]imidazole scaffold in the Debus-Radziszewski reaction.
It was obvious that the condensation of 1,2-diamines with paramagnetic 1,2-diketones suggests a synthetic route to novel paramagnetic 1,4-diazines and quinoxalines. 14, 15 Inspired by the work of Sandris and Ourisson, 16 we attempted the synthesis of 1-oxyl-2,2,5,5-tetramethylpyrrolidine-3,4-dione by SeO 2 oxidation of 1-oxyl-2,2,5,5-tetramethylpyrrolidine-3-one (1) 17 (Scheme 1); however, no reaction occurred, and only starting material was recovered.
Based on our previous findings regarding sluggish reactions, we proposed that the free radical moiety must be protected; however, neither the N-OAc protection 18 nor the hydroxylamine HCl salt form was sufficient for camouflaging For nitroxide protection, we used the O-methylation technique by a Fenton reaction in the presence of DMSO, which was worked out in Bottle's group. 19a Treatment of compound 1 with a methyl radical generating system (Fe 2+ and aq H 2 O 2 mixture in DMSO) yielded compound 2, which could be oxidized smoothly by refluxing with 1.5 equivalents of SeO 2 in AcOH to afford compound 3 in a 63% yield over two steps (Scheme 2). Deprotection of compound 3 with 3-chloroperbenzoic acid (m-CPBA) 19b gave an unstable five-membered diketo nitroxide compound, which decomposed during purification.
Scheme 2 Synthesis of precursors of 1-oxyl-2,2,5,5-tetramethylpyrrolidine-3,4-dione Alternatively, we returned to the Sandris and Ourisson method, but instead of an N-acetyl derivative, the NH functionality was protected with a readily hydrolyzable trifluo-roacetyl group, 20 and thus, compound 4 21 was treated with trifluoroacetic anhydride to give compound 5 in an 82% yield. Compound 5 could also be oxidized to diketo compound 6 in a 65% yield with SeO 2 in AcOH, but it was unstable and the crude product was used immediately in the next step. The diketo compounds 3 and 6 were condensed with 1,2-diaminobenzene (7a) to furnish pyrrolo [3,4-b] quinoxalines 7b and 8, respectively. Treatment of compound 7b with m-CPBA in dichloromethane (DCM) yielded nitroxide 7c. Compound 7c was also available via hydrolysis of compound 8 with aqueous KOH in EtOH, which produced compound 9 with prolonged reaction time and in a low (32%) yield. Compound 9 was then oxidized with m-CPBA in DCM to furnish 7c in a 13% yield over three steps (Scheme 3).
Considering the instability of the diketo compound 6 and the fact that the deprotection of the sterically hindered trifluoroacetamido group required harsh basic conditions, which is not compatible with many functional groups and its troublesome application (reduction of nitroxide, trifloroacetylation, oxidation, condensation, hydrolysis of the trifluoroacetyl group, and restoring nitroxide function), in the following work, we used the O-methylation procedure, followed by oxidation, condensation, and mild deprotection with m-CPBA. Thus, we preferred compound 3 as the main building block instead of compound 6. In analogous reactions, compound 3 was condensed with different aromatic and heteroaromatic 1,2-diamino compounds such as 2,3-diaminobenzamide (10a), 22 1,2,4,5-tetraaminobenzene (11a), 4,5-diaminopyrimidine (12a), 5,6-diaminouracil (13a) in ethanol, glacial acetic acid, or aqueous methanol to give the pyrazine ring condensed polycyclic compounds 10b, 11b, 12b, and 13b, respectively. Deprotection of 10b with m-CPBA gave the paramagnetic 5-carboxamidoquinoxaline 10c, which can be regarded as a potential poly (ADP-ribose) polymerase (PARP) inhibitor, 23 and deprotection of compound 11b offered the rigid biradical compound 11c giving a quintet line in the EPR spectrum [see the Supporting Information (SI)]. Deprotection of compound 12b furnished the paramagnetic pteridine 12c, and deprotection of compound 13b offered the paramagnetic pteridine-2,4(3H,8H)dione 13c, the spin-labeled (SL) lumazine (Table 1) . To construct the pyrrolo [3,4-b] pyrazine scaffold, compound 3 was condensed with 1,2-diaminoethane (14) yielding compound 15. Aromatization of 15 by treatment with 2.0 equivalents of sodium ethoxide in methanol at reflux temperature 24 followed by standing overnight yielded the pyrazine-condensed precursor 16, which was deprotected with m-CPBA to give compound 17 in a 30% yield over three steps. Upon prolonged reaction time and excess m-CPBA (5.0 equiv) the formation of N-oxide 18 was observed, which could be arylated at the C2-position by palladium catalysis 25 with benzene as a reaction solvent to give compound 19 in a 38% yield (Scheme 4).
Scheme 1 Attempted synthesis of a paramagnetic diketone
To achieve the paramagnetic analogue of the antituberculotic drug pyrazinamide, 26 a condensation reaction of compound 3 was conducted with ethyl 2,3-diaminopropanoic acid HCl salt 20 27 in EtOH with 4.0 equivalents of sodium 
Paper

Syn thesis
ethoxide to furnish compound 21. Its hydrolysis with NaOH to the carboxylic acid and the treatment of the crude product with 1,1′-carbonyldimidazole (CDI) in THF followed by treatment with aqueous 25% ammonia gave amide 22. Treatment of compound 22 with m-CPBA gave the spin labeled analogue 23 of pyrazinamide in an 11% overall yield over four steps (Scheme 5).
Scheme 5 Synthesis of paramagnetic pyrazinamide
In order to extend the scope of utilization of compound 3, we tested it in a multicomponent Debus-Radziszewski imidazole formation 28 with modification of the Fallah and Mokhtary 29 method utilizing tin oxide nanoparticles as catalysts. Therefore, compound 3, benzaldehyde (24), and ammonium acetate in the presence of SnO 2 nanoparticles were heated at reflux temperature for 3 hours in EtOH. After the isolation of compound 25 in a 75% yield, we attempted the deprotection to nitroxide with m-CPBA, but the formation of (4,4,6,6-tetramethyl-2-phenyl-4,6-dihydropyrrolo [3,4d] imidazol-5-yl)oxidanyl was not observed. Considering, that Chalmers et al. reported a similar deprotection on Nsubstituted imidazole containing scaffolds, 30 we decided on the protection of the imidazole NH by alkylation. Therefore, treatment of 25 with MeI in THF in the presence of NaH furnished compound 26, which can be deprotected to afford 1methylimidazole-fused pyrroline nitroxide 27 in 44% yield in two steps (Scheme 6).
In conclusion, we have developed access to 1-methoxy-2,2,5,5-tetramethylpyrrolidine-3,4-dione nitroxide precursor 3, which could be condensed with 1,2-diamines to give various quinoxalines, pyrazines, and pteridines fused with the pyrroline nitroxide precursor. The nitroxide functionality was restored by treatment of the NOMe moiety with m-CPBA. Compound 3 also was used in 1-substituted imidazole-fused pyrroline nitroxide synthesis, as the m-CPBA deprotection cannot be conducted seemingly in the presence of the imidazole NH functional group.
We hope that compound 3, as a universal building block, can be used for the synthesis of further pyrroline nitroxidefused structures. The evaluation of further possibilities as well as biological study of newly synthesized pyrazine derivatives are in progress in our laboratory.
Melting points were determined with a Boetius micro-melting point apparatus and are uncorrected. Elemental analyses (C, H, N, and S) were performed with a Fisons EA 1110 CHNS elemental analyzer. Mass spectra were recorded on a ThermoQuest automass Multi spectrometer. NMR spectra were recorded on a Bruker Avance III Ascend 500 spectrometer; chemical shifts are referenced to TMS. The paramagnetic compounds were reduced to N-hydroxylamines with five equivalents of hydrazobenzene (DPPH)/radicals in situ in the NMR tube. Measurements were performed at a probe temperature 298 K in CDCl 3 or DMSO-d 6 or CD 3 OD solution. ESR spectra were recorded on Miniscope MS 200 in CHCl 3 solution. All monoradicals gave a triplet line at a N = 14.5 G, biradical 11c gave a quintet line at a N = 7.3 G. IR spectra were recorded with a Bruker Alpha FT-IR instrument with ATR support (ZnSe plate). Flash column chromatography was performed on Merck Kieselgel 60 (0.040-0.063 mm). Compounds 1, 17 4, 21 10a, 22 and 20 27 were prepared as described previously. Compounds 7a, 10a-13a, 14, 24 and other reagents were purchased from Merck, Alfa Aesar, and TCI.
1-Methoxy-2,2,5,5-tetramethylpyrrolidin-3-one (2)
To a stirred solution of 1 (1.56 g, 10.0 mmol) and FeSO 4 ·7H 2 O (6.9 g, 25.0 mmol) in DMSO (30 mL) at 0 °C was added 30% aq H 2 O 2 (5 mL) dropwise over 2 h. The reaction was monitored by TLC. Upon consumption of the starting material, distilled H 2 O (50 mL) was added and the aqueous solution was extracted with Et 2 O (3 × 30 mL). The combined organic phases were dried (MgSO 4 ), filtered, and evaporated, and the crude product was purified by flash column chromatography (hexane-EtOAc, 2:1) to give 2 as a colorless oil; yield: 1. 
2,2,5,5-Tetramethyl-1-trifluoroacetylpyrrolidin-3-one (5)
To a stirred solution of a mixture of 4 (1.2 g, 8.5 mmol) and Et 3 N (1.01g, 10.0 mmol) in DCM (20 mL) was added (CF 3 CO) 2 O (2.1 g, 10.0 mmol) in DCM (5 mL) dropwise at 0 °C and the mixture was stirred at r.t. for 1 h. The mixture was washed with distilled H 2 O (20 mL) and the organic phase was separated. It was then dried (MgSO 4 ), filtered, evaporated, and the crude product was purified by flash column chromatography (hexane-Et 2 O, 2:1) to give 5 as a yellow oil; yield: 1.64 g (82%); R f = 0.51 (hexane-Et 2 O 2:1). 
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Oxidation of Compounds 2 and 5 with SeO 2 ; General Procedure
To a solution of compound 2 or 5 (7.0 mmol) in glacial AcOH (10 mL) was added SeO 2 (1.16 g, 10.5 mmol) and the mixture was refluxed for 1 h. After cooling, the mixture was diluted with distilled H 2 O (10 mL), and filtered through a Celite pad. The pad was then washed with EtO-Ac (10 mL). The filtrate was basified using solid NaHCO 3 , and extracted with EtOAc (2 × 50 mL). The combined organic layers were dried (MgSO 4 ), filtered, and evaporated to give 3 (from 2) as a brown oil; yield: 1.08 g (84%). The oil solidified upon standing in a refrigerator. Compound 6 (from 5) was obtained as a yellow oil; yield: 1.15 g (65%); R f = 0.56 (hexane-EtOAc 2:1).
Both crude diketo compounds 3 and 6 were used immediately in the next step. Purification of the crude products were attempted by flash chromatography (hexane-EtOAc 2:1) for analysis only, however, compound 6 proved to be unstable.
1-Methoxy-2,2,5,5-tetramethylpyrrolidin-3,4-dione (3)
Yellow crystals; mp 41-42 °C; R f = 0.51 (hexane-EtOAc 2:1); visualized by I 2 vapor. 
Preparation of Compounds 7b, 8, 10b, and 11b; General Procedure
To a solution of compound 3 or 6 (5.0 mmol) in anhyd EtOH (20 mL) was added compound 7a, or 10a, or 11a (the latter was previously released from its 2 HCl salt with 2.0 equiv of NaOEt) (5.0 mmol) and the mixture was refluxed for 3 h and allowed to stay in air overnight. The solvent was evaporated and the residue was purified by flash column chromatography (hexane-Et 2 O 2:1 or hexane-EtOAc 2:1, or CHCl 3 -Et 2 O) to give compounds 7b or 8 or 10b or 11b.
2-Methoxy-1,1,3,3-tetramethyl-2,3-dihydro-1H-pyrrolo[3,4-b]quinoxaline (7b)
Yield: 900 mg (70%): white powder; mp 131-134 °C; R f = 0.63 (hexane-Et 2 O 2:1). Dimethoxy-1,1,3,3,7,7,9,9-octamethyl-1,2,3,7,8 To a solution of compound 3 (555 mg, 3.0 mmol) in glacial AcOH (10 mL) was added compound 12a (330 mg, 3.0 mmol) and the mixture was refluxed for 3 h. After cooling, the solvent was evaporated, and the residue was treated with distilled H 2 O (20 mL) and sat. aq K 2 CO 3 (20 mL). The mixture was extracted with CHCl 3 (3 × 30 mL), the combined organic phases were dried (MgSO 4 ), filtered, and evaporated. 
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1,1,3,3-Tetramethyl-2,3-dihydro-1H-pyrrolo[3,4-b]quinoxaline (9)
To a solution of compound 8 (646 mg, 2.0 mmol) in EtOH (20 mL) was added a solution of KOH (5.6 g, 0.1 mol) in H 2 O (20 mL) and the mixture was heated at reflux temperature until consumption of the starting material (~24 h), as monitored by TLC. After cooling, the EtOH was evaporated, and the mixture was acidified (pH 2) with aq 30% H 2 SO 4 , followed by extraction with DCM (10 mL). The organic phase was separated, and discarded, and the aqueous phase was basified with aq 25% NH 4 OH to pH 10. The aqueous phase was extracted with CHCl 3 (2 × 30 mL). The combined organic phases were dried (MgSO 4 ), filtered, and evaporated. The crude was purified by flash column chromatography (hexane-Et 2 O 1:1, then CHCl 3 -Et 2 O 2:1) to give compound 9 as a white powder; yield: 145 mg (32%); mp 121-124 °C; R f = 0.65 (CHCl 3 -MeOH 9:1). ( 1,1,3,3 
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-Tetramethyl-2,3-dihydro-1H-pyrrolo[3,4-b]quinoxaline-2-yl)oxidanyl (7c)
To a stirred solution of compound 9 (113 mg, 0.5 mmol) in anhyd DCM (5 mL) was added 3-chloroperbenzoic acid (~60%, 172 mg, 0.6 mmol) in 2-3 portions at 0 °C over 10 min. The solution turned yellow-orange, and the stirring was continued for an additional 30 min at r.t. Then, the solution was washed with 10% aq Na 2 CO 3 (2 × 10 mL), and the organic phase was separated, dried (MgSO 4 ), filtered, and evaporated. The residue was subjected to flash column chromatography (hexane-Et 2 O 2:1) to afford compound 7c as a yellow powder; yield: 58 mg (48%); mp 168-170 °C; R f = 0.41 (hexane-Et 2 O, 2:1). 
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Preparation of 7c, 10c, 11c, 12c, 13c, 17, 23, and 27 by Deprotection of Methoxyamines; General Procedure
Methoxyamine 7b or 10b or 11b or 12b or 13b or 16 or 22 or 26 (2.0 mmol) was stirred in DCM (20 mL) at r.t. Solid 3-chloroperbenzoic acid (~60%, 1.43 g, 5.0 mmol and 2.86 g 10.0 mmol for 11b) was added portionwise over a period of 10 min. The reaction was monitored by TLC and upon the consumption of the starting material (10-30 min), DCM (10 mL) was added. The organic layer was washed with aq 10% Na 2 CO 3 (2 × 15 mL) and then H 2 O (10 mL). The organic phase was separated, dried (MgSO 4 ), filtered and evaporated, and the residue was purified flash column chromatography.
( 1,1,3,3-Tetramethyl-2,3-dihydro-1H-pyrrolo[3,4 
-b]quinoxaline-2-yl)oxidanyl (7c)
Yield: 266 mg (55%); yellow solid; mp 169-171 °C; R f = 0.41 (hexane-Et 2 O 2:1).
Spectroscopic data were the same as that of compound 7c obtained by the oxidation of compound 9 (see above).
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-b]quinoxaline-5-carboxamide-2-yl)oxidanyl (10c)
Purified by flash column chromatography (hexane-EtOAc 2:1) to obtain an orange powder; yield: 348 mg (61%); mp 249-252 °C; R f = 0. ( 1,1,3,3,7,7,9,9 6,8,8-Tetramethyl-6,7,8,9-tetrahydro-2H-pyrrolo[3,4 
-g]pteridine-2,4(3H)-dione-7-yl)oxidanyl (13c)
Purified by flash column chromatography (CHCl 3 -Et 2 O 2:1) to afford an orange powder; yield: 342 mg (62%); mp 250-252 °C Methoxy-5,5,7,7-tetramethyl-3,5,6,7 
6-
-tetrahydro-2H-pyrrolo-[3,4-b]pyrazine (15)
A solution of compound 3 (740 mg, 4.0 mmol) and 1,2-diaminoethane (240 mg, 4.0 mmol) in anhyd EtOH (20 mL) was refluxed for 1 h under N 2 and then left to stand overnight. The solvent was evaporated, and the residue was purified by flash column chromatography (hexane-EtOAc 2:1) to afford a colorless oil; yield: 593 mg (71%); R f = 0.33 (CHCl 3 -Et 2 O 2:1). IR (neat): 2978, 2940, 2900, 1641 cm -1 . To a stirred solution of compound 17 (768 mg, 4.0 mmol) in DCM (40 mL) was added solid 3-chloroperbenzoic acid (~60%, 5.73 g, 20.0 mmol) over a period of 1 h. The reaction was monitored by TLC, and upon the consumption of the starting material (24 h), the precipitated 3-chlorobenzoic acid was filtered out on a sintered glass funnel. DCM (40 mL) was added and the organic layer was washed with aq 10% Na 2 CO 3 (2 × 20 mL) followed by H 2 O (20 mL). The organic phase was separated, dried (MgSO 4 ), filtered, and evaporated. The residue was purified flash column chromatography (hexane-EtOAc 2:1 then CH- A degassed mixture of Pd(OAc) 2 (22.0 mg, 0.1 mmol), Ag 2 CO 3 (605 mg, 2.2 mmol), and compound 18 (208 mg, 1.0 mmol) in benzene (5 mL) in a screw-capped vial was stirred at 130 °C for 16 h in an oil bath.
After cooling, the mixture was filtered through a plug of Celite, and then washed with EtOAc (40 mL). The solvents were evaporated and the residue was purified by flash column chromatography (hexane-EtOAc 2:1) to give compound 19 as yellow crystals; yield: 108 mg (38%); mp 121-124 °C; R f = 0.33 (hexane-EtOAc 2:1). To a stirred suspension of compound 20 HCl salt (1.03 g, 5.0 mmol) in EtOH (30 mL) was added freshly prepared NaOEt [from Na (230 mg, 10.0 mmol) and anhyd EtOH (20 mL)]. The precipitated NaCl was filtered out, and to the filtrate compound 3 (925 mg, 5.0 mmol) was added in one portion, followed by heating at reflux temperature for 1 h under N 2 . A second portion of NaOEt (prepared from Na (230 mg, 10.0 mmol) and anhyd EtOH (20 mL)] was added, and the reaction mixture was refluxed for 4 h under N 2 . After standing overnight at r.t. in air, solvents were evaporated, and the residue was partitioned between sat. aq NH 4 Cl (20 mL) and CHCl 3 (50 mL). The organic phase was separated, dried (MgSO 4 ), filtered, and evaporated. The residue was purified by flash column chromatography (hexane-EtOAc, 2:1) to give compound 21 as a yellow oil; yield: 502 mg (36%); R f = 0.55 (hexane-EtOAc 2:1). Methoxy-5,5,7,7-tetramethyl-6,7-dihydro-5H-pyrrolo[3,4 
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-b]pyrazine-2-carboxamide (22)
To a solution of compound 21 (558 mg, 2.0 mmol) in EtOH (20 mL) was added aq 10% NaOH (2 mL) and the mixture was heated for 1 h. After standing overnight at r.t., the EtOH was evaporated off. The residue was diluted with H 2 O (10 mL) and the mixture was acidified with aq 5% H 2 SO 4 (pH 2). The aqueous phase was extracted with CHCl 3 (2 × 30 mL), dried (MgSO 4 ), filtered, and evaporated. The crude product was dissolved in anhyd THF (25 mL), and carbonyl diimidazole (CDI, 405 mg, 2.5 mmol) was added to the resulting solution. The mixture was heated for 15 min, and then, 25% aq NH 4 OH solution (5 mL) was added, followed by an additional 10 min of heating. After cooling, the mixture was extracted with CHCl 3 (2 × 30 mL). The combined organic phases were dried (MgSO 4 ), filtered, and evaporated. The residue was 
5-Methoxy-1,4,4,6,6-pentamethyl-2-phenyl-1,4,5,6-tetrahydropyrrolo[3,4-d]imidazole (26)
To a stirred suspension of NaH (48 mg, 2.0 mmol) in anhyd THF (10 mL) was added a solution of compound 25 (542 mg, 2.0 mmol) in THF (20 mL) dropwise at 0 °C under N 2 . After 30 min, MeI (426 mg, 3.0 mmol) was added dropwise at 0 °C. After stirring the mixture for 3 h at r.t., the solvent was evaporated, and the residue was partitioned between EtOAc (40 mL) and distilled H 2 O (20 mL). The organic phase was separated, dried (MgSO 4 ), filtered, and evaporated. The residue was purified by flash column chromatography (hexane-EtOAc 2:1) to give compound 26 as a white solid; yield: 387 mg (68%); mp 71-73°C
; R f = 0.57 (CHCl 3 -Et 2 O 2:1). 
